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RESUME 


^ 
Cee 05c1 0719575, le SAR (Synthetic Apertures xadar) 

embarqué sur le satellite SEASAT, a mis ən evidence u 

. . . 7 . r ۰ . ۱ 

intense activite interne de l'ocean au voisinage du talus 


continental dans la partie nord du Golfe de Gascogne. 


Des mesuras quantitatilyes des nanifestations de surface 

: E ^ ^ 4 ۳ 7 
des ondes internes ont ete correless avec des donnees 
conventionnelles "in-situ", et quasi simultanées. Des 


gu 2222 de phase de 0,55 metres par seconde ont 2t5 mises 
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en evidence pour ies trains d‘ ondas iaternes non-linéai 


^ 


generés a l'heure de la basse mer de Brest, dans les canyons 


m 


bordant le plateau continental; a période de ces ondes esz 
de 70 minutes et leur amplitude 


n 
a 
La refraction de la houle obser 
D 


vaa sur l'image SAR, en 
conjonction avec l'observation ar ltaitimetre de SEASAT 
d'une amplification localisee mais significative de la 


hauteur de vague, a ete attribuee au courant de cisaillemen- 
dun "jet" geostrophique de surface (12 l'ordre ie 0,5 metres 
par seconde) portant vers le nord-suest le long du talus. 
Les conséquences cpérationell=s possibles de ces phenc- 
menes sont recapitulees, pour déemontrer les capacites d'un 
radar SAR a donner des informations +actiques aussi bien que 


scientifiques, en temps reel, sur l'océan interne. 
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Sasa depth) were forwarded oy “ha "Centre National 
EE 102-2208 02۶ Oceans" in Brest, where -he " Bureau 


= 
w 


tionai des Jonnees Oceaniques" is located, 


— 
in 





SENE: seco lite Sensors Carried by SE 
EUubpstantzal info! sa 
Mewes another privilege to get direct 
#he Pilot Ocean Data m 
emo=ough survey of related data given by the SEASAT 
eter and scatterometer. 

CI Ma 0107: C21 daca Were blend2i from several sources in 
En open literature, recent papers and official unclassifaecd 


documents of the U.S. and French Navies. 


C. OBJECTIVES 


The mein aim in this study i13 to =szablish a definite 
correla*ion between «he SAR surf£acs oattsrns and internal 
quasi-synop+-iz features =stablish=sl by o*hsr means: conv=n- 
tional hydrographic observations, current obsserva-ions and 

her 


CT و ور رےطدہ۰د۔ہ‎ sensors. 


he complex probl=m of physical iinxage in “ha‏ ب۰۰۱۱ 
m‏ 


Bee imaging process, 2 pragmatic,  hsuzis-ic aporoach -o SAR 
۰۳| ۲5: 5 was nade, thus tentatively astablishing The vower 
$ m 


DS AR 20 mcpni*to- «he cceans. The s 
ppor layr of iha Bay of 


continental slope and shelfbreak, where both the SAR image 


۳۲ ۵ ۰:۳ data bases were found to orovida rich infcrma-*zon. 
Dg interested only in internal oceanic features, zhe 
NI was only considered in regards to interaction with 


quasi-s-eady currants. 


The course 9£ thes -23sea-c 


۱ 1 
I^ 
() 
«a 
O 
3 
c 
Sp 
ab) 
N 
سر‎ 
cd 


5. ہے‎ 2: 21 exoertise of *ha author, porsvents “his study 0 
85 25 in any way 2xhaus-ive Aene nOr; an 9 5 
ےج ہک‎ of this kind of E oam. scu dy. e" P 
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IINE Spot ve Uses-truch",. All «he results 
Bee zogen 3۱۰01۴۳06۹1093 ٭‎ of as describing 2 particulas 
event at a particular tim? and in 32 vasticular environmen” 
۳ can oriy he eönsidered as partt cf the ٭‎ ٥< 0٦79 
information available to oceanograpaers. 

Overall, the objectiye crt a chasis is <9 incrsase «he 
Brawleäge of the author himself and, in this case, in tovics 
Belated both <> ¿he use cf conventional msthods and cf pronm- 
ising satellite-related techniques. Cons=quently, “his 
research was a 132 ۳۳۶-۶ experience and an enriching intro- 
MEE zon to the new era of  opsra-ionsl mili-ary satallits 
oc2anography. 

D. UNITS NOTATIONS CONVENTIONS 

Unl=ss exolicitly stated otherwise, “he following units 
Mill be used, wirh the S.I. system as a genaral basis. 

Hunc oft 5 
GMT Greenwich «ime (Z) i» Hcuzs, Miau-tss, Seconis. 

۲۰٠٢ local sumnmez time in Franca is: GMT-020000; 

Bee scolaritims a: “he SAR images location is: GMT-002000) 
BExvHou* groups ape exprsssed as DDHHMM, implicitly days of 
August 1978. 

Uns CGE. IST 

Depths in metezs (M) 
ENS-ances in kilometers (KM) 
Unzzs of tsmperaturs. 

Degrses Celsius (0C). 

Geographic coordinares 
Geographic units are e¢exprassed in itcimal dsarzsss of lati- 
E cand longitude (laž, 12n). Longitudes ars counted from 0 
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Auxiliary geographic grid 
auge wasy Cartesian g:iil was aljusted over a map projec- 
EON Of h: rea to mest the n==13 of the particular SAR 
Euge orientation and general bathymetric gradier= (Fig. 
۱۳ This grid "is inoaunits of kiloneters. Mie ۳۳۹ 5 5 
oriented along  -*he shel£zbreak with positive values <owards 
she southeast (directed seaward in the Bay). 

The y-axis is oriented along ths center of tha SAR 

meee ata *owards ehe 9۳ ۰ ۱55 (directed Orto the Franch 
Son inental sh215). 
Hence x values give ۰۳۵ ۰9 3 ۰:79 posl-ions on ach side of 
EE 5s-nage :(iIx|« GO tcc Toca SNS on “he ground +: a73xkx). 
y values give relative positions cn =2ach sida 3f the shelf- 
break. 

The «ransformation was established as follows : 

Two geographic points clearly visidl= on the SAR image and a 
Bpresentatovy2 offshosze bathymetric sounding were chosen t^ 
get the linear transform o2rametecs. 

la* 37.80 x=000.0) 

lon®359.07 y=132.42 penas Non +. 

La IS s x=000.09 

LONER Y=-388.32 ToS Ca ToS BOI. 

la: OO X=116.7 

IO ۵ Y=000.09 و3(‎ ۱ 9۳ 3 Te 5 5 ۱ و2‎ 
HU corresponding relationships arz2 : 

۱ ال‎ + 9.098075 T + 46.73 

51:259 00/3205 X 0,005620. Y + 354.9 


Par 72, 


2u29]7. 


eso Slo tak ve 73.73 ٦۶٣ 


O eet 34.17 Lon 


13 





possi. 


1 
ak 


GZOGRAPH 


Me 


۹ 
۱4 


tr 


Pr 


Gu nave Ware ye e AA A a o ee ee ee is eee Oe Tem ے‎ —n 





= = Im 


۱ 
۱ 


FRANCE 
Armorican 
_ Continental 





SPAIN 


ui a Ze AN, ART. m u ED. SER sd Se a A 


~ = ~~ “© 





(N 


SAR IMAGE. 


= 
— 


ad 


۳ 
^ 


SEDSRODUCTIIN JF 





fU - 74 2 


" 
W 


۱ 

۱ 

۱ 

۱ 

۱ 

۱ 

۱ 

۱ 
cana‏ و و 

۱ 

۱ 

۱ 

à 

i 

۱ 

۱ 

2d 
4 ۷۴ 


r 
1 
1 
۱ 
i 


Tr NTE rr o A Se es = moe RET 


MEL te eet i oe rer ps -= جس‎ 


nw ص‎ 








۲:۹ ۱۷ ' 


l 
۱ 
1 
4 
1 
۱ 
۱ 
۱ 
1 
۱ 
۱ 
۱ 
i 
۱ 
۱ 


۱ 
l 
۱ 
۱ 
t 
4 
1 
۱ 
3 
۱ 
A 
۱ 
۱ 
۱ 
۱ 








۱ 
i 
1 
i 
۱ 
۱ 
۱ 
4 
۱ 
۱ 
۱ 
۱ 
۱ 
۱ 
! 
۱ 
1 
۱ 
۱ 
4 
۱ 
۱ 
۱ 
۱ 





1 
۱ 
$ 
los 
۱ 
1 
i 
۱ 
۱ 
۱ 
a سما‎ 
1 
۱ 
۱ 
۱ 
ala کہ‎ aa ee eg 
1 
۱ 
۱ 
4 
i 


1 


P NW 


d ^ " 
0ك‎ 











t 
Mn Vr 
oy ۱ te 
۹ ! 
r7] di 
t 
Tu MM >) ./ +758 
| g ' 
' 
t 
en C ————————— سے سہ‎ 





i 
۱ 
i 
D 
t 
i 
t 
c— e jo mam دہ دہ‎ e pa Di Qo سے‎ pum mo dp m cto cd m dp crm om ab p amem em am dj جہ جہ صھہ دہ گا نے جصہ صحہ جہ‎ 
۱ 
i 
i 
1 
۱ 
mm f E Em دی سد‎ rmm IE 
۱ 
i 
i 
1 
۱ 
اچس و‎ ews ہے سا‎ 


4 
i 
۱ 
o لت‎ 
i 
= == 


۱ 
t. 
r 
۱ 
i 
1 
۱ 
1 
۱ 
۱ 
۱ 
۱ 
۱ 
1 
۱ 





D t p‏ ید 


* 
i 
1 
i 
۱ 
i 
i 
i 


. 


i 
i 
۱ 
1 
۱ 
i UP ub dh ue [ESSET 
۱ 





SS SS 


| 


i 
۱ 
1 
i 
۱ 
i 
۱ 
i 
۱ 
۱ 
۳ 
1 


47"30'N 
47" N 


P 
Uu 
e 
ext 
t 
> 


| 
40 





۱۱ 0 هد ای‎ sue vay ot the c=2=nt literature 
mea principl=s and its capabDiliz:iəs to "3s5-ec- 
features, the various assessments naiz of ch= dominan” 
anisms of interaction between an internal wave field 
۳۳۲ Wind-driven capillary/ultragravity waves «hat 


ENNdetect ar» rsv;ewed. 


A. SYNTHETIC ANTENNAS 


ER .بے‎ 210G radar 2n:2Ama corsists “OF using 2 
Z ۳ 


En*enna of linit>3 si 


y 

Eon. oa تو٣‎ 6 029 66 111-2 

Sd, and 12 - 5 theoretically half ths real antenn 
I 


& 
ESS TMS: (CESS VICI) direction, the 


ture. 
of coherent pulses determine (in tat usual way) she 
EDondaingq accuracy 

Mine Case Gt SEASAT, tne data wares *-ansmi*t*ed 
Eme Dy =he satellite to one cf +h= sp2=cial orocessin 
ENG ons. Ei erg GEES a cOmou*sr-compa-i 
pue format, or a film conversion., > ۲ 9 >0 7 6 ۹٣۶ 
EN Usp'ayed in four parallel subssa-hs to accoun- 
Progressive decrzase in the  za&dac rssponse intsnsi 
enge (Fig. 1.2). Some particular images ovez limi-ed areas 
hav2 been digitally processed with a valuable enhancemen* of 


foo lution. 


2] 





Tha extzazŁ:ion of a two-dimensional surface ím 
2 


fmm 2S done either by an optical Fast F 


lsonzalss 1979 and Shuchman 1978], ۳ Nuts 2 1 069-7 5 
[algorithm of Hasselman 1980]. Coms dera oS 22 ens. cela- 


ewe qualities of these processing *2chniques can be found 
ENN:tchel [1982] and Tom:yasu [ 1978]. 

Sh GEIS CS of th= SEASAT SAR are given here (Table 
Mend Fig. 2.1). 


TABLE I 
SEASAT SAR CHARACTERISTICS 








ge a M cuu o ہے ہے ےہ‎ ۳۲۲ oy 
{ satellite altitude | 300 Ka 
۱ y { 7 2 2 KN/S ۱ 
SE DOL: 7*7 | 108 degre2s | 
| view angle from nadir | 23 degr2=5 | 
| swath wid-h 109 KM | 
| wavelength 235 1 | 

fezica y L-band | 1275 GHZ i 
| real antennae | 11x2 ! | 
| Synthetic antenna. | 15 KM | 

aoe Voor. Zab LOT Poo اه - ه‎ - horiz. | 
۱ conte acc 9 ٥ ۱ 32.233 i 
۱۶ 2 22 ۱2 | men ۱ 
پا کت | 252010576 57د دح 55سا‎ | 
oN. ToC on S222 | 50)9m*croseconds | 
۲۰1. 3۲ 30۷+۷۴ 
۳ 5ي سس‎ 





B. OCEAN IMAGING MECHANISMS 


Mie application Of SHR <ysk=ms to ocsancdaraphy reaquíizcas 
SS TG O che Basic SAR serth imaging thecrzy “o account 
Ma cas ies ing from a *ime-varyiaz surface “ha? setrislios 
۲۳۲ ۰ anean nydsosdynamic constraints. EIDE hal1, کل‎ 
Il sca cte=ing models for low casdlution tadars lo not 

h a 





E SAR for detsc-ion of mesoscals‏ ہج 1طت ہ۱ جج 


Oceanic phenomena. 


(PV ہ۲55 >۶ یج‎ 0٣۰ 551037 >> 33 Ocean Surface 
وہ دح .تج‎ NS SCAN وج ےی 3ں عرے‎ 15 not rigzd has two 
effects: (1) defocusing of the SAR image and (2)aoparsn- 


@esplac=ment sf the rada- schc, as can be sS 
Eos ot moving ships 2nd %hsiz sriationnary wakes (Ci para 
V-B-1). 


Seer me’ focus >£ SAR imagery over 32221 surfaces, “ths best 
u 


Seed correction to use is *he long wave ohass vsloci-y, and 
roz as would seem intuitively, the long waves ocorbical 
NCI on which the capillary short waves ride. Pa he 


E 
case of internal waves, this phase velocity is giver by 


c? ¡SS 
Cp = ۔‎ e, 





MS 0" is *he depth sf the +hernacline and ۵۷, "ON are 
۲ densities each side of the therndclins. Pie Ss MEDIC 
۱۳ 0 will periodically modulat2= the image intensity 


3 
e SC- tered by long w2v2S, causi2J in Some ۰2 5 25 05۳ 3 1 
fark and light a“ 


long wave pattern. 
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ES Tack component مد‎ 278 *he 3sa-sllits| the surface 
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Euge will be artificially traasl 


A easing along-trac 
EU Will increase accordingly an .تح جات‎ 1٣ وط‎ >٦ 
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Of +he ¿made and a 
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aS 





d on 2 review fValenzusia 1978] of slec-romag- 
metic wave scattering from 66325 waves, the standard 
approach considers the ocean 5 1۳ ۰3 ۰۳ aS, S2222Se2c32 ily 
E "Ded, Kur = deterministic fsrmulation nigh: be Mora 
9 0 2۸۰ when the resolution area is small enough to 
correspond *o 3 f2w wavelengths only. ۳۲ 2 ی‎ 1er descculo- 


S 
pec casco y lead Sitne? +> = 
3 


rate. TIES Seat: 
8۳ 3 41-۲5 565 2552-1311625 mechanism 23 à ۱۳3 ۰ mechanism 
(fangent-plans= thsory) [Brown 1976]. 


3. Bragg Model versus Tangen 


۳ 


The ۹8۳ 13 mechanism “2S (2 ۰30 to rough surfaces 
q 


pusqsaytesgh orite-:on 


24 Hlrms) cos 8 LT) 


ES sea suríatce with an ocza TUR 

REUTesen-s “ha ¡radar rsfisctívit Seen و ود دح‎ 
me ct. Ie oye Spprsseceh 1s hs “angent olane or 
۳۲۰ model applicable *5 gently indulating rough surfaces 
and small (0 << Cno 6.7655 117312 (FOE SSASAT SAR, = 








eo 2> 2 





Hoz normal inci ence‏ ۰( 2 ده ۰ ۱00ھ بے 90و6 جک تحت 
NESE Sl iS E> total slope variance fcr ocean waves of‏ 
Meno pericd. In both cases‏ 

SAR signal will be correla 
hə ocean waves. (They will 
Bie mean incijence argls, resultiag ia eccaasin 
intensity along a cross +rack line.) Tharefora, + 
near pe-iodic snergy tranfer from the sapill 
mesoscals phenomena (E a 


ES  drematzically a£f£ec- the SAR inagery. 


C.  COUPLING WITH INTERNAL OCEAN DYNAMICS 


Small coherent disturbances in the c 
GC2use important azddulations in tha uls«ragravity 2۷۲5 22 21 1 
Biollc-Christansen 1982] : ce i Mee gens of 30 "Ems, 
Bear currant o£ 0.003 “M/sec ca anodu lann on aE 


EC surface to which a SAR w11 be 3snsitive. 


Meee orodyremic SEC. (tha surfaces straining), o= a Doppler 
e 


(She binecning). 


Posa aa 220 apoliss -O all internal ocean 

phenomena (internal waves, Shaar euzsem.s edáiss). 
۰ 0 

actions له ۲" ۶ه‎ " along the direction of waves propagation 
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if 
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Q 
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۳۳ 1100 by hydrodynamic int 


rant waves (A™ . 3M) and large oce 


ar pario S 
E» 100M). Bees Wechan sm) Can be though: و‎ as an alter- 
9۵ ۰ - 9 - Ot divergqexnca-convezgence >» the fres 


۳ ace, Tiding on a long-wave modulation (sw2ll or internal 
3 


; The reso 


3 


v2) A S 
Eon of maximum corverqsnces of vslioci-v, ahsai of *h? wavs 


Ben (Fila. 2.08). 
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۳۳۲۳ ۰ 1 20 o locaticn (2Zimuth) Sith scan. is mislo- 
cated in the image. I- seems <*> be che best 6821 for 
azimuth «traveling swell and eventually for internal waves. 
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eneray «ransf2 


mechanism. 


3 7 | - 
The general form Of ۷ ۲ 5r a waye component of 

`. 
wave number "X", angular Zrsaueney "QQ", and aapli*ude TE 
EO hsrsfors be written more generally as Vesecky and 


ExSwar- 19382) 





PAPES 


Re (&) 
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۳۲ ۱۳۲ ss the total modula-ional tran 
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ces Ff ive. On. cara 
۳۲ DS considered as ch easy l+ ESE a == == mecharssıs 


EE Ec-ing-*he -il*tinra s?$ecz a 
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۰۰۰۰٠٠٠۹ھ ت7‎ eela NO the surface wave fisld “o tas 
1۳ ۰ 2 31 Wave amplituds 2nd ٩۱۳ 322 winds, 1۳ ۶ 2 ۰ - ۸ 52 
۴۳۱ in+=rnal ٩ ۲ ۶ 200 U3, and 51 1111 2 2 2 50۱ 517 on the wind 
meld, can be obtained from tha 213 3 32 ۰ However, such a 
Bory is not available yst [8¢ai 1981]. 

I+ is generally believed that internal ۷2۵ ۷725 are 
sean by a radar as a result of two nechanisms : 
۲۱۱ ۳5 surface currents associatel with the internal wave 
Beeld sweep -ogsther surface oils and materials in he 
Surface water Convergence zones resulting in severe damping 
Seechort capililary/gqravity waves دح‎ form slicks, and 
EDU ne sucfsce currer-* fisld induced by zhe internal waves 
EI in s 95۳ 00-6 mnodulazion of he height of the 


capillary/gravity waves. 
۰ 2 ۳ ENS two poss?ble mecha Ni 
Bn-radicto-y results: damping oy oil slicks y 
۳۳ ۱ 1/۵ ۲ 3 232۵ ۰5 lines, whereas the currant hydrcdynanic 
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Amping will ba localized on +th= livargence arsa 
de 
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authorts assümotion that whenaver 


ıs’ple cn “ho 
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3 a 2 m 
EE Cc:Upa--stns described In 7-B-1), the oil slick ¢xpl 
TEN ls aporspria 5 
:ہہ‎ ۰250 be more sasily explain=d by hydrodynamical 
Among due t> internal waves (CË groun odat-arns described 


Dco => SU و‎  ئس‎ sin ig nschanism, an 

EN rnat weve traveling at bhasa speed "^c" produces a 

Me cs stcaining anda velccity Ha<<-err  "u(x-c-)" meving 

ENS the waves. Solar coges vis waves “ravelina in 

Ens same general directicn as the internal waves can 

Nl. TEC, particularly whan <ha gqrouo velocity of 
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Gergett and Hughes [1981] 32v» anotásr descri 
me principle. Rij netted! SU CSE currents 
with internal waves are Large, being of the sams 
orier as the 
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END parameters, the op-imal wind vslo 
EE -a-231. Tt seems, buz i+ would a2sd sxoerimen-al confir- 





IN or hha VIEL ۵۱9 9 02 ۵95311 ده‎ to the propacaticn of 
E DESTA waves is optzsgal for strong interaction. Ths 
tos last oc internal waves traveling ir 


e enhancing Dovopler-sffsc-s. 
ese geophysical factors 


a m 
mee Oty does 15% seem, however, to Inhibit the cap 





a SAR to display surface manifestations ( av 
different cassis) Duc coma Enoscons; Piece Clas ns 
250ء8730 5> ۰۰ئ۲‎ in chapter Vo shows inzeraal waves propa- 
Mero in aimost ali relative direstions, thus proving -*ha- 
E cast Scma interaction and radar modulation exists for 
EDUC" ccnziguration. 
2. Propitions Internal Wave Prooartiss 
<53> 007 7۷٦ wind-driven short waves is 


given by 


Bere "T" is Fhe surface و :هد دح‎ 


mar PhS Op omal o Nara vays 
phase soeed should then be of the same order such that 


meen, in he case of the 30071 wavalength waves that 
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Meee ۷۵-1 2 ۵۲ ocean with a thermocline a= 50M we obtain 
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Internal tidallv generated waves con -hs* continental 
shelf have frequency propertias ani amplitudes that cause 
Meme tO fall ints “he stated favorable conditions. Thoss 
internal waves are generated most sonmonly ia the hiahly 
stratified seasonal -hermocline by interaction between a 
۱۳۳۰ =opic internal tide and bathynstric izreqularities. 

AS a particular example, puco5coneimen-sl chele 
e Shores France in the Bay of Biscay has 7۴ج‎ I] 
EN ۰ 5 relative -c a ssmidiurnasl tiis propagating north- 
ward. The dav (20 August 1978) <><60 ےت‎ ٣5 6 ۸05۸۳ over 
Me area corresponds *o 2 spring til=, ard The bathythernac- 
۳۳۳ ۵ 5 show the strong stratification common >> cha sinner 
52 2 5 ۵ ۰ ÀA search of astecrolo a 
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E. COMBINED UTILIZATION OF CONVENTIONAL SENSORS 


2۰۰۰16 OVI: Of Wind COniitions is necessary for 
pus reliability of any SAR analysis. 5۰ ت066‎ 72100 6 
well as data from other remote sensors (2.9., 8 scat-terom- 
@esr), wero used in this study. (Both the scatterome ter and 
Bee are side-looking sensors. Haace they offer generally 
overlapping coverage.) cca enowledqe of €*h5 stra- 
w Cation and of the spectrum of psricdic movements can bs 
Ber ved from bathythermographs, ani from anoorsd instrumenta- 
mon Weasuring current and temperacrirs time-series. 


1. Bathythernographs 


ne bathytherncgraphic or bathycelarimetric neasure- 
ES ۰1 0۷5 The computa*t-on of th2 eigenvalues  solu-icn *2 


۲ internal wave generation prablan = Baines 1932]. [c me 
Bn possible to find the wavelength of interaal waves from 
۳ spacirg of wave-packa%ss generated by tidal flow over 
ہ۳۰‎ ۰۰ 

Moon Ea SOE ERa forcing "rr" is known 
ius! internal waves for instance) one can derive from ths 
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eed 69 76 - 13717 ب5 ۱۱ک‎ ۳۰773 ۱320903-778 with sei- 
surface temperatures, ¿he heat storage in the ccear 
۳۳۱۱۱ 1-02 52 ۸5 30 and Mascarenhas 1979]. 
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DUI detsct horizontal gradients Jua zo variations of the 

surface thermal tayer 1201 dicesctly “related wo" thes 

۰ Ching se cr S an 20 ٦ wave field. 

Quasi-simultaneous temperature transscts, in the same way, 

can resolve the space characteris<ics of an internal wave 
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y Spacecraft velocity 
vector V ^ 8 km/s 












D, real aperture, ~ 12 m 


: 8 = real beamwidth 
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` o = effective angular 
resolution 


h, siant range, ~ 109 m 






.. r4, azimuth resolution, 
Nadir" کت‎ 
^ سس‎ m 
= one-half real aperture 


Figur2 2.1 SEASAT SAR GEOMETRY. 
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III. GENERAL GEOPHYSICAL FEATURES OF THE BAY OF BISCAY 


Accorzdin poeSvesirup.- et al. EO 2e bce cerni 
M aches C= tie Gulf Stream system are not all well kno 
irregular branches which turn to ‘he south ‘terminate 
asa whirls off the European coast", Dns Semmes seq 7< 
Sem d cerrssp2nd to semi-permanent circulaticn vat*tarns 
۳۳ ۵ 42-2-50 22 34 5 » 82 62*۵ 5۶۱083 5 nave been male of 
man Circulation and of ۸505812 23:02 255 in the Bay 


۱ ۳ در‎ SN she Vieznizy ol the Asmorican cor 
3 


۲۰٠۰۹۱ 51, from whiten some gensral conclusicns can 
TAWN. 

Several general geophysical features relevant +o 
Subarea covered by the SAR image will be considered, giv 
par-i1cular emohasis to the summer slimazolcgical cendit:i 


mo 
under which tha SAR image was taken. 


A. ATMOSPHERIC CIRCULATION 


Petospnert=s conditions over th 
Meme d by the Location of the North acl 


(pressure center) centered in February around 259N and 
O 


۲ 1 2 20۱۳04 35 1۰. Rie Meal =Xsends over 29 -o 25 dear 
Meee ts Ud] i3 summe-z (vs. only 15 in winter) and is lini 
ERN use north bv =he Icelandic Low. The gen=sr=z1 atnosphs 
۴۳۲ ۰ ۱2 2 0۲ 15 consequently a nean sastward flow, weak 
Amer, Which is modifiz=1 by +he oraseance of the Europ 
Meme ent and perturbed by “he passages sf fzcnts oriaina 
ہت تج ۲90 3> جب ح۰۰‎ “a2 Vicinity o£ the Po 
Poon: (between 450 5 2 4 5001 in sumasr). Table II aivss 
۲ ۲ ۰ ۵1 2۲ 2 212 5 for August az thre= stations, 7350 
2 
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e EE CCE EBE Ca (Golfe d= Gascogne Vera 6ت‎ 207۰.34 
ie, <> ls N50KM (250NM) w h 

West European Basin and extends 550KM (300 NM) tə the scuth- 
east (Fig. dus PS oda ae ChnarsczerLs-ics hav: 


been presented by Laughton ۳ ۱ ۶ وا‎ 


The abyssa plain has an average deoth of 4500M, 
increasing southward to 4300M. E iaa O hS SOU 
EN درد‎ پ۳٥‎ 81 Cancabrian continental shelf, and ہے‎ 
#h2 north by a wids (200K%) and shallow (130) Sues rM rq 
en). Ao er eras | F2= SSVI the Bay of 
may *o encompass «he British Isles. ۳ 6 fas Toy “Os 
MSc See 15 generally giver to th2 northern part of hs 


EDU the Armorican Continental Shelf is to ‘the seuth of 
۲ئ٠٠۰‎ ٦>: ۰038 of Brest. 

nuestra Caapello Bank", a“ دح‎ 0 3 x 
٠٠۰٠٠٠٠ 70ن‎ :s 100 5o 150M ¿sep aad charac“srizeiä by lar 
C 4 


ale and smooth ridges (amplitu 


homoqeneou (920955); 
Moneo Sex or zne Acemoricen Shelf is oriénteda 13007 
ENENM ccurs betswsen 180 and 200M (Fiz. 3.3) The width of the 
ERU nen-al slope decrzsssss from 35KM 32% La Chapelle Bark to 
Bee az 479N, 205930 '%, where =h=s s:u==pr=ss ls maxiaum (20% 
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between the 239 and 10004 isobaths). EE DSI DS Ls 


Mina ions given by Laughton [ 19 used 56۶5۰ On 
SS - ۶ 2 covsrs3 by the SAR image, 2-175 major canyons ars 
visible: *+he Penma = 


n 
avet Canyon and the Belle-Ils= Canyon 


Even Slope, 2s 200KM vida. 

OTHE DOLO Ss ٣٢ 

seen Sag - cf “ne SAR 
d 


15090051N; 90 9:90: W 


ü 6 
Ms broken by hə Gascony Knoll at 45 
TT ۲ 1۱۱1 ۳ depth of 3950M, 322 +h2 23 
image. TN GT MASLIN Kill CSN SECS at 
is steeper and higher (3009M minim QE ۱۰0۱۱٦۶7 SOKM kozi- 
MUY), bus it 3s 50KM off the western dga of the SAR 
image. 


C. OCEAN CLIMATOLOGY 


eT UES CSC ON CT he Northeastern Atlantic is 
Moe as well defined as zhat in و‎ < western (GULE SETS) 
E TD NERO تا‎ Azlan-ı 2 anzicycslonic circulation. A£Etes 
REx-song the mid-Atlantic ridgə, 12 Gulz Stream loses its 
cohsrency ard splits ints several oranches, which are weak 
and 7 Des «2d which 


3.4). ۴و" 2 00ہ -۔ دج ےج7‎ thess branches flows south along 
ELEM: U--»cas -oast, Brobadbly crea*:!ı7 2 weak cyclonic circu 
E On ir the Bay o£ Biscay, as 121 wsakens elong the north 
Meese of Spala [ Mille: 19801]. ۸۳ لد ۳ 2 تا‎ USSSA STA 
MN ni if hS northern part c& the Bay follows long periode 
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highly variable, 29%‏ 25 1169-200 تی6 وکح“ 


-g 
Eu coques o scmansene cyclonic bottom ciczculas- 


However, *h 

moon on tha abyssal plain entersi at 040301۱۲ , 004030'¥, 
Maen 25 dbiven Bw the sastward flow along the 1842 12 2 
Peninsula. De arena can Shele che mean bottom curzen+ 
[eet Ss to fhe northwest trom March t> July, and then towards 
the southeast from August to November. The average curren: 
speed measured a= 1M above the s2a floor is 0.04M/S. (Camus 


The intermediate waters in the abyssal plain of she Bay 
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۳۳ ۱۳:9 she influence of the “Neditearransan outflow, which 
Spreads north out cf 3 mies DT Grpsaltar. ۳ 
irtruding water ma u- 1100M 
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Hydrographically, ‘the de¢o0 ocean waters of the Bay of 
0 y 


82 56357 have three main components; 203 2Slamively war 
Surface watezs ars from the North 


۳۲ 2 0 0 ss 
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O Tale) Waters wich <sithec ons sf tha first «u 
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۲۳۲ ۲۱ م۳0‎ and ths other at the continental slooe which will 
2 


be discussed in more detail. Tw p2lagic tronts have been 

Meen+ified : ۲> ٭ 3 و00 جو ح5 تح‎ Front delimiting the 

extension of Mediterranean Waters, nel € Mic cul: oO 

MANE Sor but which may hav= important acoustical 2zffects, and 

Bere -hermal 8 2-90 bounding the coastal bottom cold water 
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u 
of the Armorican Shalf, which is enhanced in summer 7 
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ang, Buc which has no suríac= tsmp=raturse mani- 


a 
Station In that season. 
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tesi cs WE MND ne By OE BLY in sunnar Condi ticns, 
EDUC ene thermal structure of the uop2r water column is 
eecongly developed. Bassi cn infrared satellite images of 
eddies bordering the Ushaat frontal zone,  -hese sddiss ars 
nost appa-zen- along geostrophicaily balanced fronts where 
ENS f-ontal mixing takes the form af cyclonic disturbances 
[Pinare= 1978]. Ie ere ee length scale Sf 20 هب‎ 40 KM, 
9 a zine scale of a few days and translational velocity 
۱۳۹5 5 than 2CM/S. 11 3 e=  GosevOL ha Armorican shelfbreak, 
5--018. edd:ss form on sach side ۵۶ the 200M isobazh: in 
NS process "4e cocler water siaks below *h2 warmer water 
Bes Stre=ched vartically"™ [ Pingr3a2: 1978]. 

EE: us abyssal plain, less appazen:z eddies have beer 
Meee SC by ariftting-busy experinents and by satzalli*s 
mmeagetry (Diskson 1981). These eddies, both anticyclonic and 
ENUOn:c, sesh =5 partly decouple salinity and temperatura 
۱۱ 2 ٤-٤٤8 density surfaces. ON Aven image taken 
en 104 May 1973, Io ea o ne SAR magda, it 





mae Someta oye ont ce EIS WES aligned cn ths continental 
ہت کہ‎ ۶۱60 7 a aa apa of cyclonic and arilcy- 
clonic eddiss was located, B2cOectavely, ss thwest and 
æn heast of 45930'N, 007° 308. The length scale cf دوه طخ‎ 
deep-water sdiies is 50 +9 100KM [O0ickson 1981]. 


rhe des of the Atlantic Oz221 C 
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EU propagate from scuth “o north ia the Bay of Biscay with 
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Barotr»puhc tidal carzent ellipses wers found <o be‏ ت۶ 
cha shelf, thus‏ ود VY and directed psrpendicular‏ 
STAG hS: isopycnal surfaces 3۳27 teopegraphic features‏ 
memes accepte] explanation fot tha generation o£ internal‏ 
eases)" [James 1982]. They show @ regular turning Sune or‏ 


BE CKwW.se) of their orisntation axis from 570 ‘5 36 
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F. INTERNAL NAVE MOTIONS 
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EM c M ۲ج ۱۱۹5ی‎ = ides as 2hey cesult from forcina by 
۳ forces. A= £Eequensies great]ec *han th» Brun--Valisela 
uu uueney, psrturbat2ons canmoe propagate as waves and ars 
purzbulen-. 

۱۱۲ hé csuter ot ths Bay of Biscay, -*smperature -ime 
series [Hecht and Hughes, 1971] have shown har semidlurral 
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SITUATION IN AUGUST 29 1978 


IV. GEOPHYSICA 


A. METEOROLOSY AND WIND STRESS 


9 ne 2I0 of “August 1978, a high pressure ridge 
EN Ended from the Azores to .Wes-:srn Europe. The averags 
surface pressure over tha Bay of Biscav was  1023MB (Fig. 
ES). A s n E cg on] | 7 ۱ of August 
ee Shore Labrador was dying cover Icsland (Fig. 4.3). A weak 
E rent was 300NM wasz of ths Bay of Biscay cn tha 19: 
a= 1200 GMT and probably underwent frontolysis in the area 
interest. 

6۰1 repsazrts, hes evolution of ths in-situ O 
pheric situation (ca. ۷79 ۱00507 can be analysed (Tables 
IV). Be+we=n 2003002 and 2006002 the cold front was present 


meee ¿he location of cbservations az 4s040N, 204093034. 


TABLE IV 
METEOROLOGICAL OBSERVATIƏNS 62 ۰ 4 71 م‎ 005 


a. ا ا ا ا رووا ا ہے ہے ہے ہا ۔۔ ۔ ۔۔ ہے ےہ ہہ‎ Ne ee ee 
| iio! Puma WuInuüc5sromi Dev 225 | Moist air Clouds | 
p MT | preessure!lSpeel M/Sf (240 97 u ۶ C 1 I 
——— ————— ——— ———— ———— —— —— ——— —— — o — —— ——— eon 

۰.١٦200 | 1018.2 +6 21:9 A 5 | با‎ | 
I 191500 | | | ۱ ۱ ۱ 
| 191800 4 | | | | 
902100 1 1018.0 ASAS (t 20.2 19.3 5 | 
Em 00000 1| 1020.0 200/3 183.5 0+015 0 | 
| 200300 | 1019.0 DER) S. | T74 | QS lor | 
E 70600 | #1020.) ۱ 21955 Lb 305) 1148 | 
= 00900 | | | | | 
01200 1| 1022.0 1202076 ۳۷ ۳ | 6 | 
EEUU 500 | 1023.0 1 000/2.5 | 18.7 "۰ 9. ۲ ۱ 5 { 
mee 1800 1| 1022.09 | 6 ۲۱ ٹپ‎ | 16.0 2 ۱ 
523109 ٣ 1021.0 ۲۰۰0٦۱۷7/7 ت5‎ t 17.9 ۱ } | 3 | 
٠۰۰۰.0009 | 1021.9 | 010/77 | 17.5 (ASS ا‎ 4 ' 
| 210300 | | ۱ | | 
۱ ۱0600 | 1023.9 | 0480/5 ۲ ی‎ ۲ 7 5 ! 2 | 
A A a A es a eee 7 7 0 00 ات‎ 
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Eon Synon iC Charts and these ship rep 
can be made t> select the S 29 
meme Of the SAR image (fig. 4.2). A“ 202 
pressure center ws in thes vicinity of 48ON, 0 
establishing an anticyclonic surfas2 flow decre 
ca. INS GCG: CEMALE Rh (HEED CE “he SAR imag?) to 
eee 5 M/S a+ 450N 0060W (south of “a2 SAR im 


cm IowE-owardgs- 2009T {winds 


EL 


Amat for *h=e direction 
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Mest n-not~“heast). 


E SHELL 


۲ ۱ ayy mean significant wave hsigh: of 2.54), and long 
(nean wavelength 5f 230M) swell had origirnaz=d 200 V 
(Fig. 4.4) and was currently prevailing over *hs se 
It was propagating roughly  1300T (from shipboard me 
fecal -eporzts). The generation areas were esstima-*e: 


d 
EMNMCOSDhnsric charts (Fig. 5.3) tc bə in tha southwest qua 


Bee. Of hs surface pressure low. Distances and “ims of 
۳۳۲۳۲۵ 19 on wizh T>spec* 29 the SAR image location and «ime 


yielded estimates of ths wave 
h2 Bay of Biscay, August 
e ction. The deet wattr surfac2 Jravity waves sq 


Hed aro the following: 
+he period is axpressei as T=\ 2۳۸ 
3 
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-he group spesd is qiven by 











۱ 2 
phus vielding ۳ ciem 
9 T2 
۳ ۷۲,۰ distance from =he generation area arg "C", -¿ime 


significant wave heig 


SEASAT was possible. Mies Mae > aestana zu “in he 
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0 mese: pass of 2107212 (ascending node passing by 6+ 
0050W) was a sudden increase in significan“ wav>2 ٥و‎ 2 
E vccage ct —2M : ٩ mors than 44 over a short distance 
ERM) at pesition 47915'N, 006900'W (Fig. 4.5), 

۱ < shelfbreak. Thi ده ۵ 02 لاد ۳۷۰ ۳۰ت‎ could 
hardly be related to-.any atmospheric mesoscale process. I+ 
Will be shown (Cf VI-E) that it may b3 the consequence of a 
Song interaction with current shear occurring at the 
Smelcbreak. According +o sallcrs 0 

Marz: 1982], crossing «he 290M LsSobath is 5££¢n accompa- 
Ed by a characteristic change in ssa-s 

reference is given by Les Danois (1348], who a 
Hsnomina-ion 5f La Chapelle Bank +9 an observa 

meme "Steyr də La Chapelle" in 1695 5f surface turbulence 
wrongly asscciated with extreme shoaling. Th ppa 


charts for the following decadss. A well known exam 


a 
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D 
shoal was resighted in 1754 and a rock was marked on + 
ad p 
men a currant-swell intera E 
"giant" waves اوت‎ 1980 
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EE coast of South Afr: 
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C. MEAN AND [TIDAL CURRENTS 


E vets) i> EOC SC. sstt mation st -ha mean current 


and i*s variations over th? area, az2 providei by the deso 
۳ ۰ subsurface mooring st 46957'N, 009057۷ 18 with current 
mess alt 31520, 3032 and 39764 (350KM off -h= SAR ground 


Mex and 180K%M offshore of +h= sh21f break) ce ۱ Low 
۳۲۱2 ۲ ۰۱12 28 ۰ at «he #hres 1zyals do no: exhibi* anv 
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-*ime-scale of three months. mc. nos curstespts in the last 
۱ 3 5 Decors the 20th of August acs respectively: 

toi cu {Owed GOT at 5 

AN aeoward 2799F at 5 

(yaering 33)9T in last 3 days) 

seme 160۳۴ ھت‎ 0 0.001875 
On a shorter time scale, progressive) vector diagrams show 3 
semidiutnal variodicity at each of che three levels (Pig. 
۳9۱ : the mean speeds are : 

az 152804 0.08H/S 

a- 30324 0.05M/S 

5 ۰ ۷ھ 
BEEN) 21 UO, 2*ims of the SEASAT passage, the instan*arsous‏ 
current vectors were :‏ 


A AMOS O IM 27 0.001/S 

22.۱506 دوہ‎ ۰۱۰1550 7 az 5 
Bogetmeovard 27086٣ ےو‎ 5 

Thə passage 9f SEASAT on 20 August followe 
۳۲ ۲ 1 110 on the French cosífiziant scale Î 


5 
۳ + amplztrudes 15% greater than Ehe average spring tides 


m 

ee coefficient 95). A+ che time 5f the imags, “hs surface 
Ae a: “he sheltbreak was at high *ids plus four anda half 
hours (Table V). The surface zurzen“s wars estima==4 


5 
towards 23 


D.  SPATIAL THERMAL STRUCTURE 


u as cn 0900 17 Aug dust. 
MS spatial limits are between 439 and u489Nor*h, and 100 
5× andi “he coastline. sn aio) جج‎ >3 ٦93 ال‎ 6-6 
Bemconveriently centered around ths rada- imaas, in vartic- 
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¥. SAR LMAGE ANALYSIS 


A. ORBIT PARAMETERS AND GEOGRAPHIC REFERENCES 


The auxiliary grid introduced praviously (I,4) wili be 
Med to corveniently leocat>= features with respect to the SA 
ge and tc the average shelfbreak contour TN GOG ADIN 
OE hE SAR imaqs 3s ده‎ 112 ۰-20 to bə accurata lo a* least 
SKN in the vicinity cf She shelf-break, 

۱۱۳ ۱۸22 Aug 20, SHASAT was 3 . descending nole over 


mares With the SAR antanna Oriantad “coc the northwest. 
Consequently, a positive (northward) Shear 3۶ eastward 
eurrent would appear on =h2 imaqe as artificially compressed 
Been enhanced Bragqg-scat*er (Cf Fig. 2.3) In other words, a 


TABLE VII 
SEASAT ORBIT 785 PARAMETERS 
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OS ۱3 5 20 19738 (Julian Day 232)‏ 9 ۱۳ 














lAscerding nole at | A 2 
estes a 211 e | 

[Descending 03000 2 

| East Lo1gi-ude 

] 2 - 2 of >arigee 

۱ ۵ 2 1 9٥ 








76 





ENMEGHEDRISTIC ۸۹۹۸۴5 ٣5 OW THE SAR ITAGE 


iD 


> 9 >1 visibl 3۳۳ ۰ ops. cal) 
mye may be grouped in fur distinc: C 
bes: geccraphic location and >3) their qesoas-ric c e 
*eristics. They ars discissed ssparately under -he -i-1ss: 
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۱۳۳ 2۱1 م۰۲‎ "outer skelf", "gensration ars=a", and "prop 
ve D 


tics and ba-hyms- 
u 


mt wo inaccu- 


2322۰ E. ENG EET EN Mado: “he SAR mage is 
estimated as 5KM at most. Seeonilv the Da nyn ic char: 
۳ ٩ ۱۳5 )۳13۰ 5.5) was construc-sd by intervolatina sound- 
ings of differən= sources, Ween Japs "or cass TOKA Zn some 
Mees Of the co^5tinentsl slope.  Hsncs, *th= relative Dosi- 
ENDS 2nd shapes of tne canyons draw; ar? subjec- ۵ 


caution within the same ordaz > magnitude as the SAR 
Eure loce*t:ions. Nevertheless, necne CIS 
assumed correlations between well-detinad i 
EESC features, the 


E = 
MES relative fit of each of *he points (Fig. 5.U). 


(Y>40) - In this aca, Mene Sisa 13ns 537 7٤7 
ےد ےہ یب کت‎ and Lack any obvicus crzanisa- 
men. Separated curved lines can nevertheless be iden=ifiei 
uxvacennsc5r 2 KM. ۲2 2 دا‎ of 


V e 
۳۲۲ ar sbaepes can be associated at spacings of 28KM (Fig. 
0 h 


ENIM bu- -bsir rsla-*?on t any kind oz pe-clodic phenomena 

E Not proven. 2۶۰۰۰3۱٦۹ 3 5 0۱ ۰ ۶ nesoscal= atmesvohecic 

۱۳ ۱:۳۲, or linear slicks associated wizh a localiza? 
^) 





rE cS = Macs Or Wind sp=+4ds sufficisr* for a 
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pdar *eruFp ars attained in the northern par of 


A, 
pnar--cularly south of the "Chausses e DEA 0 O 
«hs Bri+anny Toast where mesoscale  land-sea breeze may well 
b 


have been predominant. (A Ship sailing 1009T can clearly 
W 


1 
e 
۱۱۳ 


ith its 3165 . ۳1۳۰۵3117 02501 363 according +o 


Dapp le- effect described in II-B-1). 


Mme chis re 
"he west with a va 
value 15KM. They ars 
which they merge; ۴ 
backscatter. They are br 
ENor:ighter characteristics s-*i 


Baer over tho entire wi 
5 


appear with o 3 5 ا ا‎ Some 
۰... ام ب1‎ Of aboue 23RM langtn on th] x-axis, can bs 
detected. 
The wvelang*h 255 these pa-cs-cas is variable in two 
Erections. auc dU: SO Call eaustic tro the a30zth, 
ens Wavelengths  deczeass to zero, starting 27 a 12 2 
value on the southsrn boundarv. (2) toward NS 50۱05 22 5* 
uaa a e eise s 8 Hrn 
3 


me easing x-dirzection), which is + 
V 


e propadatior, th average wa 


distance between the two boundarizs, is of the order o 
۳۲ ۰ 5 westorai side, increasing <2 244 in the middle of +h= 
Swath. 

2۰۰ EOD USNS ۵۷ 2۵ مت‎ 3 ٩5 are located 3% 
EL wheze a high lagal contrast particularly enhances 
amose curved iinss. Each of hasse arcs appears as 3 
LED o 251505 S251 pes: 32 dark (iow Sackscar-er) 2ne en 
EN o ucav2-y and a bright (high backscatter) one on the 
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Sonvex2—y. Hence, over one wavels 
Peependi cular to the crests and £f 
Seon Of propagation (from the i r 

Eus arcs), «he backscatter vari2s approximats 
following way: 79% of the h unifo 


1 3 
low backsca*ter level and 102 3- & aigh level 31 the lsad? 


END Accorü3ng <> the hydrodynamical <heory of SAR imag: 
this result means that th? internal waves responsible 
these patteris are long-crested with deep narrow “rou 


(Fig. 2.4). 


E SEEN 
ot “he image Win mega ESAS pisto us Doth by its ×ط‎ ٤ 
emr acteristics and by ths obvious discontinuity it cres 
in the general patterns. ۶۰۰۰۹۶۱۹17۰71 € appro 
mately (+/- SKM) vena 180M ¿soba“h, hus ٣29ج2‎ 0 2 


EE. he upper 5bresk in the con-insnr-al slopes. 





۰۰۰۶۰ ee eee 0. Gsnerabion Area 
(O<Y<10)- This area covers ths up DaD t 


Slope between tha 150 and 1۱00081 isobaths. Once again 
mesoscale fsaturss are concentrata1 51 the western side 
+h2 کہ‎ The average backscatter is weaker (dar 
shading) «han on both adjacent areas (shelf and deep 2css 
ہ۲۰۰۰‎ herr limi: is ths band of lighter characteris 


Mesertibed above. 


73 تحت‎ SOU 1 2S (conversely) 2 discon* 


Meas band of very low backscatter about 15004 wide, which 
clearly visiblə from 2 X= 2)0 321d nom X=-5 وا‎ X= 
Meme cralgh=ne=ss o£ this line (vs. the other patterns) 

Ac ac +hat 12 1s noz bordered by anv alternating clea 
Des, spen to 2indicsts that it is due, not to a prs 
EE Tg phenonsnon, but toa stationary (Or nos 23 
moce=nal feature. Thess could b> Symptoms or a sur“ 


po 





he ۴1713031653 1 theory oF SAR‏ ۹۰۸۹ 9 تح ٣ح‏ ےک وت 


imaging. 

Tn CIS area; sor opili sd وج 62 2 25 توب‎ 
8 ۰31 5  sugges- cylindrical 50۶23 32-20 of inzernmal waves 
Eom soveral distimct point sources. Assuming “hat “he 
ection of »ropagation 2f a giv=zn wavepack=*t can be ss-i- 
mated both by the curvature of th: scrasts and by the rela- 
tive wavelength dispersion sense, the teolleowusg main pcint 


Beuces can be identified and given names for further refar- 


rra 
مت ی‎ 


en 


Diireentsr2] 3% X=-42 < لا‎ ۱ ٩ (۷۷ 
Y=) z005930W 


P2 centered at X=-25 = 46052N 
Y=) =)950 18W 


P3 centersd at X=) = 46045N 


=0050028 


rq 
li 
Ul 


2507 000603 و‎ X245 = 46925N 
Y=) =004042W 
EOS Talens haad داب‎ Dznmereth Tanvor 01 


dph. 
Point P2 is at ths head of a narrow and oblique but 
deep, unnamed 


E 
PO TE P 2 n= ۳3 otf zsuilvinee Canyon at 800” 
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meee ons ٣۰ 0065 wave of E 


d 
Om whe center. Wavelenaths tr 


h 
a 2 

Meereass from 2KM to 0.7KM wizh a ra: 
interference can bs seen with a 523 
7 


۳ ۶۲ icfinition centered around e'! 


A+ P2, two Wave groups propagata in two distinct 


directions. The first graup propaga-es +owazd  1309T along 

the X-axis with its leading wave ai* 10KM fT 

Mee second group propagates with àa 3 

(1600T), its leading wav2 being ac: 1 

having the greater wavelength in ch> 
Mee TOY ONS 0 0 ( can be  3desn-if3ed b 

Ern appears as a superposi-ion of 

8۲۰۳ major axis oriented 13097 along the X-axis. 
ES Y oft PB, parteras 3 

@emcused, but a quasi-ci--ular group 2xtends around it at a 


Geese ance cf 17KM. 


4. Continental Riss of Propagation Area 


OO OT TIS SISSIES DA 2 ۱5 nere arse more blurred 
than in the three areas dsscribed above. Fsatures are on 2 
larger scale and do nmn ha sane east-west varti- 


Ot present t! 
A+ y, The brightness is uniform 


3 
ral 050 6 216 organization is that of arcs 


۳ 1 ۱ centersd on the poln+ sourca= lefined above, Or mora 
٣٠٠ں 117ء۰‎ on ths 1000M isoba-h. Some alternating black and 
nd do not 


white bands may be identified, b 
le 


contras: sharply on a grey bac Mo St cO ihe 
Seecalled generation 2553). 77-۳ و 605کچ 3ت‎ of OSS 
9۳ ۱127 205 is not wa 


3 
p -erns with similar shapes c: 


ea, 23 TKM. 
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ANALYSIS OF THE SWELL‏ ےت 


The remotely generated swell is l 


I 
(1) 
ha O 
"pj 
Ww ۲ 
(t 
ct 
D 
14 


pius giving generally well identifi 


pu 


image. Some apparent geographic vari 


D 
crest length can be observed and could be indicative either 
83 ۷1۲-2 ۰-0595 1۲ ths nonlinear imaging 
defcrma-icns in +he swell fisld by in: 
Eurrents or msesoscale winds. The wavelen 
237M (a- 7۱۲ 00۱40 , 3 0 ۲ ( 47,30% ik 
dof 12.3 seconds, a phase speed of 


E 
up speesd 2° 9.6 M/S. 90 3 ى٥‎ 
1 5 


e 
Bene Armorican shelsbre*k, the oatteras are nore confused 


and mix with the internal wave fi2l3. OB ENS مد(‎ ENS 
general orientation is 1159T (at 34709N,0040YW). ۳۱ 5 5 D2n 
pesan (9560N,00694Y), it is 135°9T. South of the shelfbreak 


EN ecems TC Erastically bend to3ris the south as if 


Maa c==d by an D2OpeSing current. Do eo pa oa Ular feature 


رد 


further in s2c#i91ı VI-E.‏ ود و ۵ اه ت۳۳ 


D. | SUMMARY 


٥ 

ENnscriy l2m2-ing to the north a generacion arsa on *he slope 

where sesverel point-sources can ba identified at “he heeds 

۴۲ < ۵۳ ۵ canyons. 1 2۰2 223 1 ۷2 ۲9۵ 5 ars generated in packs-*s 
IS Nas zarcas on +hsit 
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C. HIGH FREQUENCY INTERNAL WAVES 
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VII. TENTATIVE EXTRAPOLATION TO SENZRAL OCEANIC FEATUBES 
A. INTERNAL WAVE GENERATION 
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